Effect of cortisone administration on the pathogenicity of Nocardia asteroides, N. caviae, and N. brasiliensis for white mice has been investigated by using the intravenous route of inoculation. The observations indicated that the susceptibility of white mice to nocardiosis was enhanced by cortisone. Test strains of the three species of Nocardia caused a higher and more rapid mortality, as well as more extensive lesions, in the cortisone-treated than in the normal mice. The mean lethal dose (LD50) values of N. asteroides and N. caviae for the cortisonetreated group were found to be seven and eight times lower than their respective values for the normal group. N. asteroides and N. caviae were more virulent than N. brasiliensis, the LD50 of N. brasiliensis for cortisone-treated mice being 30 and 26 times higher than that of the former two species, respectively. N. brasiliensis also differed from the other two species in its inability to infect the brain. In the untreated animals, N. asteroides and N. caviae showed a tendency to form conglomerate growth, in contrast to formation of freely dispersed growth in the lesions of cortisone-treated animals.
During the past two decades, a number of investigators have attempted to study the effect of corticosteroids on the pathogenesis of experimental microbial infections in laboratory animals (1, 2, 4, 6-8, 10, [12] [13] [14] 16 ). However, there is no information so far on the effect of corticosteroids on morbidity and mortality in experimental nocardiosis, although a number of reports have appeared concerning the pathogenicity of Nocardia species for normal laboratory animals and the chorioallantoic membrane of the developing chicken embryo (see reference 5) . Results are presented of an investigation on the effect of cortisone administration on experimental nocardiosis in white mice caused by N. asteroides, N. caviae, and N. brasiliensis.
MATERIALS AND METHODS
Three strains of N. asteroides and two each of N. caviae and N. brasiliensis were used. The sources of test strains are given in Table 1 . Six-to eight-weekold albino male mice bred in the animal house of Vallabhbhai Patel Chest Institute and each weighing about 20 g were used in this study. The test strains were grown for 10 to 15 days at 37 C in 100 ml of Dubos broth dispensed in 500-ml Erlenmeyer flasks. When sufficient growth had occurred, sterile glass beads of 3-to 5-mm diameter were introduced into 123 the culture flasks which were agitated on a rotary shaker for 10 min. The suspension was allowed to stand for 5 min, and its upper portion was removed and centrifuged for 10 min at 3,000 rev/min. The sediment was homogenized in a sterile glass homogenizer; the homogenate was suspended in normal saline and filtered through steril cotton to remove the clumps. The filtrate was centrifuged, and the sediment was washed twice with sterile normal saline before resuspending in normal saline. A portion of this suspension was centrifuged in a Hopkin tube at 3,000 rev/min for 30 min, and the packed cell volume was recorded in microliters from the deposit in the graduated tip of the tube. One microliter was taken as equal to one milligram (wet weight) of the organisms (15) . The suspension was adjusted so as to obtain the desired wet weight of the organisms per 0.2 ml of the suspension; this suspension was then injected in the tail vein of each animal. After an observation period of 3 or 6 weeks, the surviving animals were sacrificed. Cultures were made from brain, heart, lungs, liver, spleen, and kidneys of each animal, and portions of the same organs were fixed in 10% formol saline for histophatological examina- ,ug, respectively) than those for the normal animals. The enhanced mortality in the cortisone group made it possible to determine the LD,0 of N. brasiliensis which was 2,840 ,ug (wet weight) of cells. This value was nearly 30 and 26 times higher than that for N. asteroides and N. caviae, respectively. Mortalities due to N. brasiliensis appeared late, in contrast to the early mortalities caused by N. asteroides and N. caviae (Tables 2 and 3 ). The overall mortality due to the three species was comparatively more rapid in the cortisonetreated than in the normal mice. A majority of the animals challenged with N. asteroides and N. caviae showed gross and histopathological lesions on their lungs, kidneys, heart, and brain. Animals inoculated with N. brasiliensis also revealed active lesions on various organs, but the brain was never involved. All the infected organs yielded the pathogen in culture.
Pathogenicity for normal and cortisonetreated mice. For a detailed comparative study of the pathogenicity of Nocardia species, normal and cortisone-treated mice were inoculated intravenously with LD.0 inocula as above.
In all, three strains of N. asteroides and two strains each of N. caviae and N. brasiliensis were tested, and the data on mortality and morbidity for each strain during an observation period of 6 weeks are presented in Table 3 . All the test strains of N. asteroides and N. caviae caused maximum mortality during the first 2 weeks. In the case of N. brasiliensis, the mortalities were delayed and occurred from the second week onward. There were no significant differences in the virulence of different strains of each of the three species. Many of the surviving animals in the normal and cortisone-treated groups showed active lesions due to the three species of Nocardia tested. The lesions in the treated animals were invariably more extensive than in the normal mice ( Fig. 1-6 (ii) The infecting strains of Nocardia species, servation p more particularly N. asteroides and N. caviae, which there exhibited a tendency to form colonies (granule-and macrop like growth) in the organs of normal animals, longer dete whereas in the cortisone-treated group the longing to organisms were more freely dispersed in the cortisone-tr lesions ( Fig. 7-12 ). (iii) Fatty liver changes fol-ever, still a( lowing nocardial infection were observed in Nocardia most of the cortisone-treated animals but not to N. cavia in the normal animals.
in the form ( Further observations on the nature and ex-measuring tent of lesions produced are presented below 4). Histoj for the individual species of Nocardia.
showed noc Nocardia asteroides. Five days after inocu-dispersed c lation, the lesions were of pin-head size and ing filamer usually marked by pus formation. They were extensive I more prominent in the lungs, measuring 2 to lungs. Surr( 5 mm in diameter ( Fig. 1 and 2) . Histopatho-matory cell logically, the lungs generally revealed multiple and lymphc areas of abscess formation with hardly any inNocardia tervening normal parenchyma. Lesions on the of N. brasii other organs were also in the form of abscesses, among the r with typical organisms surrounded by inflam-were nearly matory cells, mostly polymorphs and lympho-those used cytes. The organisms usually occurred as gram-respectively positive cocco-bacillary bodies or filaments noticeable I with or without branching. Most of the ani-confined to mals sacrificed at the end of the 6-week ob-The absces only one mortality was recorded in the period revealed healed lesions in were focal collections of fibroblasts phages, but the organisms were no ctable. In some of the animals benormal (untreated) as well as the eated group, lesions were, howctive. a caviae. Macroscopic lesions due ie usually appeared, after a week, of multiple circumscribed abscesses, 1 to 2 mm in diameter (Fig. 3 and pathologically, these abscesses cardial granules as well as freely occo-bacillary bodies and branchnts which were accompanied by pneumonic consolidations in the ounding the granules were inflamIs, chiefly comprising polymorphs cytes. a brasiliensis. Both the test strains liensis caused only low mortalities normal mice even though the inocula nine and seven times higher than for N. asteroides and N. caviae, The gross lesions were usually 10 days after inoculation and were the abdominal and thoracic organs. Fig. I and 2) ; N. caviae Si 163 ( Fig. 3 and 4) ; and N. brasiliensis Si 54 (Fig. 5 and 6 ). Note more extensive lesions in cortisone-treated (right) than in the normal animals (left). x1.7. Fig. 1-6 ) in mice infected with N. asteroides ( Fig. 7 and 8), N. caviae ( Fig. 9 and 10 ), and N. brasiliensis ( Fig. 11 and 12 ). Compare for each species its loose and dispersed growth in cortisone-treated animals (right) with its marked tendency to produce conglomerate growth in the tissues of normal animal (left). Gram Stain. x254.
FIG. 7-12. Sections through lung lesions (shown in
ance and measured 1 to 3 mm in diameter ( Fig. 5 and 6 caviae for cortisone-treated animals which were found to be one-seventh and one-eighth, respectively, of those obtained for the normal animals. The cortisone-treated mice not only suffered from much higher and more rapid mortalities but also from more extensive lesions than did the normal animals. A number of reports are available on the effect of corticosteroids on experimental infections in laboratory animals due to a variety of fungi (1, 2, 7, 8, 10, (12) (13) (14) , bacteria (6, 16 ; see also 4) , and viruses (4, 16 ). It appears that the foregoing data on LD50 values will serve as a useful aid in verification of pathogenicity of Nocardia species for laboratory animals.
As observed in the present investigation, cortisone administration also seems to influence the nature of microbial growth in the lesions, possibly through the suppression or altered immune response of the treated host. The degree of inflammatory response was uniformly low in the treated animals, and nocardial growth in the lesions, particularly of N. asteroides and N. caviae, was somewhat freely dispersed, in contrast to their tendency to form conglomerate growth or even granules in the tissues of untreated animals. The low virulence of N. brasiliensis for laboratory animals observed here and also reported by earlier investigators (3, 5, 9) conforms to its known pattern of behavior as a pathogen of man, that is, the infections caused by this species are generally localized in the form of mycetoma and do not assume the systemic character.
